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(57) Abstract 

A delivery system and method for targeting a contrast agent to tissues and organs for improved diagnosis of tumors and for prognosis 
and follow-up of cancer therapy by X-ray imaging. The delivery system includes a conjugate or complex of a macromolecular carrier and 
a contrast agent selected from the group consisting of: (a) a compound having a heavy element with an atomic number in the range of 75 
to 92, and (b) a compound having an element with a property of an abrupt change in its X-ray attenuation coefficient within the energy 
range used for radiography, said macromolecular carrier of said conjugate or complex being optionally linked to a specific tissue marker 
molecule. 
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X-RAY IMAGING OF TUMORS WITH DEXTRAN CARRIER OF PLATINUM COMPOUNDS 



FIELD OF THE INVENTION 

The present invention relates to delivery systems 
for targeting contrast agents for improved diagnosis of 
tumors by X-ray imaging and to methods for diagnosis, 
prognosis and follow-up of treatment of tumors comprising 
administration of the delivery systems to patients followed 
by X-ray imaging. 

BACKGROUND OF THE INVENTION 

Although treatment of breast carcinoma, the most 
common malignancy among women, is improving steadily by means 

of surgicaij^vterven^ 

-'^^^^^^-^^''^^ril^lY'^^^^^^^^- ^^T^^i^s^cleveloped countries, 
women aged 40-50 are urged to undergo annual mammography 
examinations. Ever since it was first introduced, 

mammography has improved in terms of its spatial resolution 
and the decrease in the required radiation dose. Yet there 
are limits on the size of detectable lesions, witlriin 
permissive radiation doses, that are dictated by the very 
small density differences between malignant and normal 
tissues. Even the most advanced mammographic apparatus are 
limited in their tumor identification capacity. Although 
anatomical details are clearly portrayed, unequivocal 
identification is sometimes difficult. 

The selective delivery of agents to specific organs 
is intended in general to specifically localize a delivered 
agent in the target organ while maintaining low levels in 
blood and other organs. Ideally, a targeting vehicle, e.g., 
antibody, which binds selectively to epitopes on specific 
cells, may be used for targeted delivery of therapeutic or 
diagnostic agents. Antibody-mediated delivery is, however, 
often restricted by lack of good antibody specificity 
(suitable antibodies for breast carcinoma are not available 
at present but they existfor other organs), limited specific 
uptake bv the target tissue, low penetration and high 
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prolonged levels in blood and other organs (Epenetos et 
al,1986; Welch, 1987). 

various other strategies have been developed for 
drug targeting, some of which are based on carrier-mediated 
delivery which employ natural ligands recognized by receptors 
on target cells. Most of these systems utilxze 

macromolecular carriers armed with targeting ligands 
recognized by specific cell types. Certain targeting ligands 
are known, the most common are terminal saccharide residues 
recognized by receptors on liver parenchymal (Gal and GalNac 
of asialoglycoproteins, Ashwell et al, 1982) 
non-parenchymal cells (GluMac and Man, Taylor et al, 1992), 
B-cells (Lasky et al, 1989) or endothelial cells (Bevilacqua 
et al ^989). Recent developments in pepride chemistry and 

-moie^tii^r bioi^gy r±^^ ^^^^^^ ^^"^^ tibx^™^ 

consisting of numerous random peptide sequences (Pasqualxni 
et al 1996). Peptides with specific biological actx-vxty 
capable of mediating selective localization in tissues such 
as lung {Johnson et al, 1993) or lymphocytes (Cepek et al, 
1994) have been obtained. An important example is the 
recently reported familxes of angiogenesis suppressing/ 
inducing integrins that suppress or encourage the generation 
of new blood vessels (Varner et al, 1996; Folkman, 1996). 
These proteins are adhesion receptors not present in normal 
tissue' but appear on endothelial cells of blood vessels of 
neovasculating areas. Since neovascularization xs typical of 
ntalignant tissues at a certain stage, substances that 
interact with integrins might be considered as tissue markers 
for contrast agent delivery to blood vessels in 
, neovasculating tumors (Brooks et al, 1994; Arap et al, 1998) 
systematic screening of chemically-modified proteins (Neurath 
et al 1 995; Fujita et al, 1994) also yielded products 
recognized selectively by specific cells, for example, 
aromatic acid anhydrides that block CD4 cell receptors for 
5 HIV-1. several systems were described that utilize macro- 
molecular carriers armed with targeting ligands recognized by 
specific cell types (Monsigny et al, 1994; Hashida et al, 
1995) . 
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Tissue-targeting research and practice also utilize 
several alternative approaches. Some rely on physxochemx oal 
properties leading to passive uptake and accumulation, soch 
as inherent accumulation of the agent by the target tisaue 
(e g iodine by the thyroid) . An important mechanism .s the 
enhanced permeability and retention (EPR) phenomenon wherreby 
molecules of a certain size may diffuse through blood vessels 
in areas of neovascularization as in malignant txssoes 
(Matsumura et al, 1986; Duncan et al, 1996). Although thxs 
mechanism is not specific in terms of organ and type of the 
malignancy, a contrast agent may be delivered to ^11 
neovasculating lesions by means of EPR, thus provxdxng 
important pathologxcal and anatomical information for m^ny 

types of tumor. . 

. Th^ int ejxse ax:tj-vit¥ — ^ — ^he — fieiri— of — tax^g^t-OJiig 

drugs to specific organs, tissues or cells have yielded a 
variety of carrier systems such as pro-drugs, liposomes, 
e g ste^ically stabilized liposomes (SSL) (Kedar et ^1, 
1994') or polymers, both natural and synthetic. The carirxer 
conveys the drug to the specific tissue (via antibody a 
tissue marlcer) where the drug executes the therapy. Attempts 
to use selective delivery for diagnosis by targeting contxrast 
agents are not as common, though MRI or sonographic agents 
are under examination. On the other hand, scintigraphy, 
based on the accumulation of radioisotopes in particular 
organs or in cancer lesions, is commonly practiced xn 
clinics. X-ray absorbing agents, such as barium and lodxne, 
are being used routinely xn non-specific administration. 

Citation of any document herein is not intended as 
an admission that such document is pertinent prior art, or 
considered material to the patentabilty of any claim or the 
present aoplication. Any statement as to content or a date 
of any document is based on the information available to 
applicants at the time of filing and does not constitute 
admission as to the correctness of such a statement. 



to 
an 



SUM MARY OF THE INVENTION 

It is an obiect of the present invention to pro^^ide 
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a delivery system and a method for tumor diagnosis, prognosis 
and follov-up of cancer therapy by using macromoleoular 
carriers with or " without specific tissue markers, for 
delivering heavy metals with an atomic number (hereinafter 
S indicated by "Z") within the range -75-92, to selected organs 
or sites for tumor-enhanced X-ray imaging. 

Another object of the present invention is to use 
the same delivery system and method for delivering lower Z 
elements which have the property of an abrupt discontinuity/ 
10 change in their X-ray attenuatooh coefficients, and whose 
attenuation threshold .s within the X-ray energy range used 
for the specific radiography technology selected (e.g., 
mammography, computed tomography, digital radiography). 
Thus, the images obtained from two parts of the X-ray energy 

15 spectrum, one above the^hreshoW_^ 

thiSSh^Id^^^^S-'EHSir-b^'^ISid^^ - 

difference image having superior contrast. The two images 
can be generated either by filtering the impinging radi^t.on 
or by analyzing the detected radiation according to the above 
threshold and the below threshold contributions. All 
elements with Z in the range of 33-50 progressively e.-<hrbxt 
such a discontinuity/ change In X-ray attenuation coeff.orent 
in the 10-30 keV range within which all mammography rs 
applied. 

The present invention thus relates to a delivery 
system for targeting a contrast agent to specific organa for 
the purpose of tumor diagnosis, prognosticating the 
effectiveness of chemotherapy in treating cancer and ror 
follow-uD of cancer therapy by X-ray imaging, where the 
delivery system Includes a conjugate or complex of a 
macromoleoular carrier and a contrast agent selected from: 
(a, a compound of a heavy element with an atomic number in 
the range of 75-92, and (bl an element with a property of an 
abrupt change in its X-ray attenuation coefficient within the 
energy range used for radiography, where the macromoleoular 
carrier may be optionally linked to a specific tissue maxker. 

The present Invention further relates to methods 
for tumor diagnosis, for proghcsticating the effectiveness of 
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cheMocherapy in the treatment of cancer, and for foUow-up of 
cancer therapy by X-ray i,naging. which involves administering 
to a patient an effective amount of a delivery system of the 
present invention, followed by X-ray imaging of the patrei^t. 

AS a non-limiting example, the delivery system is used Sor 
diagnosis, prognosis and/or follow-up of chemotherapy ror 
breast cancer. 

Abbreviations 

^ following abbreviations are used throughout tne 

spec i ficat ion : 

ADH- adipic acid hydrazide; BSA: bovine serum 
albumin; CDDP : cis-diamminedichloroplatxnum II (cisplatx ) ; 
CMdex- carboxymethyldextran; DDW: double-distilled wat^r; 

nhanced permeability and retention^Jiy^^ t.he 



3^^^IH^^^-hydf^^Id¥l 5p5Ar'^^^?h¥^^^^l^di^"^^^^' 



RPTFF DESCRIPTION OF THE DRAWINGS 

Pigs. lA-lC Show biodistribution {%/g tissue) of 
the radioiodinated degradable albumins BSA (Fig. lA) and Ova 
(Fig IB) and the non-degradable St (Fig. lO with ^nd 
without TNP modification (liver marker) in CD-I male mxce, as 
a function of time (15-120 min) following intravenous 
25 xnjectxon. Levels of the native BSA, Ova and St and the 
modified TNP-BSA, TNP-Ova and TNP-St expressed as mean -e/g 
tissue are depicted for blood (Bl) and six organs (heart, H; 
lung, Lu; spleen, Sp; liver, Liv; kidney, K.d; and bone) . 

E-ig 2 depicts the biodistribution (%/g tissue) of 
30 non-biodegradable iodinated TNP-St .n txssues ^' ^'^^' ^Hl 
.ice as a function of time (14h-7 days). The levels xn blood 
and six organs are shown, with the liver exhibiting long-t.^rm 
accumulation following injection into mice. 

Fig 3 shows the determination of OPDA 
35 concentration required for complete dissociation of CDDP f ^om 
CMdex CDDP, CDDP . dextran or CDDP . CMdex (6 ug CDDP per 
sample) were placed at lOQoC for 3 minutes (to ^orm^^ne 
Pt-CMdex complex) and increasing amounts of OPDA were added. 

5 
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^.action with OPDA proceeded for 5 more .xnute3 at 
.he ab.orbance at 703 was determined. . concentra ron o 
3 8 OPDA <cr OPDA to CDDP ratro of 950:1. resulted xn 

complete removal of CDDP from the dextran 

rlqs 4A-4B show the evaluation of the rnteraction 
between CDDP and adipic acid dihydrazide ,ADH, or ^V^"""- 
'h increasing amounts of ADH or hydrazine were reacted tor 
S minutes at 100»C with a constant a.ount ,6 .g, of CDDP when 
OPDA m,/ml, was added for 5 minutes at lOO^C The 

,0 lsor.ance at .03 nm was determined ,.i. . 4^. • - ■ 
the molar ratio of ADH or hydrazine ^-^^ J'" 1°°' 
calculated from the absorbance presented rn Fxg. 4A. 
efficient interaction was observed with hydrazine, 
efficient i ^ ^^^^^ determination of reversibly and 

'""'ir''ir^r^Oor: de.tran, CDDP ^ CHde. or COOP . 
CMdex-Hydr reacted for 3 min at lOO-C at a molar rat.o o 

-r-rio-^/r ^^^=er%rorr diai^.:! 

,0 ZriL 7"r:nd"th:\ialysis ... ... ^^re removed for 

With OPDA (5 minutes at 100°C) , and the 
interactxon with ufu^ w r-noP 
703 nm was determined. Most of the CDDP 
: ::::::: to^CHdr was reversibly bound. Whereas mos o. .h 
CDDP bound to the CMdex-Hydr was irreversibly ^.o..^. 0^l>^ 
^ilost- means CDDP not found by OPDA reaction ins d. or 
outside the dialysis bag, i.e. i. =°"ld 

irreversibly .ound^^^^^ the biodistribution tissue, of 

CHdex-Pt before and after T.P modification at 24 a d 56 Hours 
30 in various tissues. TNP modification resulted in spe<.xfi 
long-term liver accumulation following infection of 



TNP-modified CMdex-Hydr complexed to CDDP. 
™ 7A-7B show ma^nography film images of a mouse 

. with Pt-loaded CMdex-Hydr, 12 hours post 

ririttrar ..ig. - ^ --1 mouse .reated b. tne 

.ame dextran derivative ^ J ^ .jr; ' JLea ted , 

of the first mouse is darKe. 
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whereas that of the second mouse is indistinguishable f xon. 
other organs. 

Fig 8 shows a computed tomography (CT) image of a 

1 mm-thick slice through the Plexiglas phantom. The various 

square compartments contain Pt, in aqueous solution, at 

riahtl 0, 10, 30, 100, 300 and lOOO 
concentrations (left to rigmi) u, xu, ^ , 

.g/ml. The corresponding average gray levels, measiared 
within the circled area, are: 39.9, 36.1, 43.0, 51.3, 7 5.7 
and 132 1. The effect of the Pt X-ray attenuation is clearly 
seen and can be quantified from 100 ^g/ml on. A thumbnail 
top view of this phantom is seen at the bottom left of the 
image. The dark oval shaped areas in the squares are air 
bubbles, excluded in the analysis. This data is presented in 
graphic form In Fig. 9- 

attenuation'i'n the O-IOOO ^g/ml Pt Na^PtCU solutions shown 
in Fig. 8. Each group of bars corresponds to a g:Lven 
compartment of the phantom: a. actual CT values (dashed 
bars)- b. normalized values (0 concentration value 

subtracted; dark bars); c. logarithmic presentation of b 
(open bars). At 100 ^g/ml sample, the increased X-ray 
attenuation is clearly detectable. 

D ETMI.ED DF.SCRIPTIOM OF THE IM VEMTIOM 

The present invention was developed from a new 
concept based on simple physical principles relating to 
differential radiation attenuation by tissues of Oifre^ent 
densities. Such differences can be enhanced by chemical and 
biological means. The implementation of this concept of 
tumor-specific X-ray imaging, e.g., mammography, "tilx .es 
current radiographic equipment and will permit 
tumor diagnosis, including population screening, with redoeed 

radiation doses. 

Physiological and pathological characteristics of 
an imaged tissue should offer vital information for t^mor 
diagnosis. This is achieved according to the pre3ent 
invention by selectively loading the tumor with appropriate 
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contrast agents through physiological processes or 
tissu-specific markers. For X-ray radiography, the best 
contrast materials are high atomic number (heavy metal) 
elements which exhibit strong X-ray attenuation. The success 
5 of such an approach depends on the possibility of selectively 
conveying significant amounts of the contrast agent into the 
cancerous tissue. To reach this goal, the present invention 
provides a delivery system in which selected contrast agents 
are bound to carrier molecules that specifically accumulate 
10 in the cancer tissue. 

For breast cancer diagnosis, specific tissue 
markers are preferred for targeting breast tissue, but since 
ther- aro currently no such satisfactory markers, the 
invention presently uses as a preferred embodiment the 
15 general enhanced permeabilxty^nd_rete^^ 
_______ 

accumulation in neovasculating cancerous tissues (Duncan et 
al 1996) The invention can also be used for tumor 

diagnosis in other tissues or organs, particularly when 
20 tissue-specific markers are unavailable. The present 

delWery system, however, can further incorporate speoxfxc 
tissue markers when they are available for imagincg of 
selected tissues or organs. 

The delivery of contrast agents to specific organs 
25 may benefit from the vast information regarding targeting and 
controlled release of drugs for therapy. However, there are 
significant differences between the two systems due to the 
different requirements, as shown in Table 1. 
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Table 1 

Drug Versus Contrast Agent Targeting 



Drug Delivery 


Contrast Medi-iam 1 
Delivery 1 


Release of Active 
Component 


Recjui red 


Not Required 


Intracellular 
Release 


Often Recruited 


Not Required 


Controlled Release 


Advantsgeous 


Not Applicable 


Long Maintenance 


Advantageous 


Not Advantageous 


High Concentration 
within Tissue 


Aciv3.nti3.Q^^oiis 


Required 


Repeated 
Admini s tr at ions 


Routinely (Often) 


May Not Be Requ.ired j] 


Attached Chemical 


Chemo therapeutic 
Drug 


Heavy MetaL 


Toxicity 


Accepted up to a 
Certain Level 


Unacceptable ( for 
Screening) 


Invasive 

Administration 


^4ight Be Considered 


Unacceptable 



10 



15 



20 



I. transport system which is inadequate for drug 
delivery may prove suitable for contrast agent transpo^rt. 
Thus, for example, conditions such as long maint enarace , 
controlled and intracellular release of the active compor^ent 
are essential xn drug targeting but are not required for 
diagnostics. On the other hand, a high concentration of the 
delivered agent for diagnostics is essential. 

The purpose of the present invention is both to 
improve the delineation of small-size cancerous tissue and to 
provide a clear indication regarding its pathological status. 
These goals can be achieved by taking advantage of dxstzLnct 
functional and physiological properties of the cancerous 
tissue for targeting contrast agents, followed by X-ray 
imaging . 

The delivery system according to the present 
invention, developed for delivering a contrast agent to a 
target tissue or organ for X-ray imaging, includes a 
conjugate or complex of a macromolecular carrier and a 
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contrast agent, where a specific tissue marker can be 
optionally linked to the macromolecuiar carrier when 
available for a specific tissue or organ. 

The contrast agent may be any non-toxic (in free or 
in bound form) organic or inorganic compound of a heavy 
element with atomic number Z = 75-92, e.g., heavy metals such 
as Pt, Au, Tl, or alternatively, an element with an X-ray 
attenuation threshold in the relevant energy range for the 
specific radiography technology, e.g., Zr, in the case of 
mammography. At the X-ray attenuation threshold, there xs an 
abrupt change or discontinuity in the X-ray attenuation 
coefficient with respect to X-ray energy. All elements with 
Z in the range of 33-50 exhibit such an X-ray attenuation 
threshold in the 10-30 keV X-ray energy range. When an 

with Z above 50 is used for its property of having an X-ray 
attenuation threshold in the appropriate X-ray energy range. 

The heavy element is preferably a heavy metal 
selected from Pt, Au and Tl, and the macromolecuiar carrxer 
is selected from liposomes and natural or synthetic polymers. 

The heavy metal compound may be attached to the natural or 
synthetic polymer through a metal-binding group or ligand 
containing nitrogen, nitrogen-oxygen or sulfur atoms, suon as 
thiol, hydrazido, piperazine and the like, or the heavy metal 
compound may be complexed to the polymer through a metal- 
chelating ligand, such as iminodiacetic acid, ethylene- 
diaminetetraacetic acid (EDTA) , diethylenetriaminopentaaoet ic 
acid (DTPA), hydroxyquinoline, hydroxamic acids, hydrazides 
and the like, and combinations thereof. 

Potential detection techniques include, but are not 
limited to, 2D digital radiography, CT, dual energy and image 
subtraction, "positive" and "negative" imaging, etc, all 
based on X-ray attenuation in the imaged body. An X-ray 
detection means include X-ray filter and screen-enhanced film 
and digital X-ray detectors. 

Selection of the appropriate contrast agent and its 
delivery system is an apparent prerequisite according to the 
invention. Since there is a profound increase m X-ray 



wo 98/57669 



PCT/1L98/00282 



attenuation with an increase of the atomic number (Z), it is 
advantageous to select heavy elements of Z = 75-92 as 
preferred contrast agents rather than the more common iodine 
(I). Metals of choice are gold and platinum which are 
already in use in several pharmaceutical formulations. In 
case of dual energy, however, other elements having lower Z 
might be preferred, due to the abrupt change in their K-ray 
attenuation coefficient within the relevant energy interval. 

The metal-loaded macromolecular carrier can be 
specifically targeted to certain types of cells, e.g., tumor 
cells, delineating primary tumor growth or tumor metastases 
by "posicive imaging", or to the tumor-bearing organ, 
delineating tumor lesions by "negative imaging" - 
Antibody-directed contrast agent targeting may be osed 
_j,,tiier£-U£-!^_^Feci^£i^--^^ 



Two types of macromolecular carriers can be used 
for heavy metal contrast agents according to the present 
invention. The first is a conjugate of the polymer with a 
metal binding ligand to which a heavy metal is attached. 
This general type is preferable for non-targeted delivery 
into cancerous sites by physical entrapment processes, such 
as those occurring in neovascularization sites of tumors. 
The second type is a conjugate of the polymer with a 
targeting ligand (tissue marker), in addition to the metal 
binding ligand to which a heavy metal is attached. The role 
of the targeting ligand is to direct the whole conjugate to a 
specific tissue via the affinity interaction of the targeting 
ligand to a given epitope on the specific cell. Certain 
targeting ligands /tissue markers are known, as described in 
Table 2. 
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Table 2 
Tissue Markers (Examples) 



Liver Hepatocytes 

(Asialoglycoprotein 

Receptor) 



Liver Kupffer Cells 



B Cells 

(IgE Fc Receptor) 



Leukocytes 
(L-selectin) 



Gal, GalNac 



Man, GluNac, Fuc 



Fuc, Sialic acid 



Endothelial Cells 
(E-selectin) 



Platelets 
( P-selectin) 



Lung and Liver 
Macrophages 



Lung 



Kidney Blood Vessels 



Tumor Blood Vessels 



Fuc, Sialic acid 



Ashwell et al ( 1982) 



Taylor et al (1 992) 



Kikutani et al 
(1986) 



Lasky et al (1989) 



Bevilacqua et 
(1989) 



Fuc, Sialic acid 



Johnston et al 
1989) 



Man, Fuc 



Endothelial Marker 



Ser-Arg-Leu (SRL) 
Containing Peptide 



CLPVASC Peptide 



CD4 Cell Receptors 
for HIV-1 



Arg-Gly-Asp (RGD) 
and 

Asn-Gly-Asp (NGD) 
Containing Peptides 



3-hydroxyphthalic 
and trimellitic 
anhydrides 



'aylor et al (1992) 



Pokutta et al ( 1994) 



Pasqualini et a 1 
(1996) 



Pasqualini et a. 1 
(1996) 



Arap et al (1998) 



Neurath et al ( 1995) 



Many cell adhesion receptors recognize simple sequences 
that can be reproduced as synthetic peptides homing to 
these cells Peptides capable of binding to cell adhesion 
receptors, such as integrins, can be used as mediators for 
cell or tissue targetina. Factors such as EGF, VEGF, MHS, 
etc can also serve for specific tumor targeting to the 
specific receptors (for these factors) that are 
overexpressed on certain tumor cells. 



A tissue marker in addition to those of Table 2 , is 
the 2, 4, 6-trinitrophenyl (TNP) group, a targeting ligand to 
the liver. As described in Schechter et al, 1996, and in PCT 
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Publication No. WO 97/22879 of the same applicants, TNP- 
streptavidin, obtained by reaction of e-amino groups of 
lysine residues of streptavidin with 2 , 4 , 6-trinitrobenz ene- 
sulfonic acid (TNBS) , accumulates mainly in the liver. 

In order to select a suitable delivery syscem 
according to either type of targeting system described above, 
biodistribution of the metal-macromolecular carrier conjugate 
provides information regarding its specific sites of 
accumulation, metal uptake kinetics and saturation. To 
provide biodistribution data, the polymer, e.g. dextran or a 
dextran derivative such as CMdex or CMdex-hydrazide , is 
charged with several tyrosyl residues for radioiodinat ion, 
the radiolabeled agent is then administered intravenously 
into mice, and at set time intervals, blood and organs are 
-^naTyzeg-Tor— bTo^XsTrlbution parameters (Schechter et ^ 



1996) . Determination of the actual metal accumulation can be 
done by atomic absorption spectroscopy, XRF (X-ray 
fluorescence) and ICPS (inductively-coupled plasma 
spectroscopy) analysis of tissue samples. Experiments are 
directed at both tissue accumulation for "negative imaging" 
and tumor accumulation for "positive imaging". 

The preferred systems for delivery of heavy mecal 
contrast agents according to the present invention are 
macromolecules carrying a heavy metal as defined in zhe 
present invention. Such a macromolecule that will be defined 
for the purpose of this invention as a "macromolec ular 
system" is composed of (a) a suitable macromolecular carrier, 
(b) a metal binding group as a pendant group, and (c) a heavy 
metal salt or complex. The metal salt or complex will be 
part of the macromolecular system due to attachment via the 
metal binding ligand. The scientific literature, including 
patents, teaches many ways to bind a metal salt or metal 
complex to a macromolecular carrier, including the present 
inventors' own publications (Warshawsky, 1980, 1982, 1984, 
1986, 1987a, 1987b, 1987c) which show how to bind platinum 
and 'platinum group metal (including gold) to polymeric 
carriers. The literature also teaches us how to bind metal 
ions to polymers for pharmaceutical uses (Dunn ec al, 1991). 
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Of particular interest for the present invention are polymer 
carriers, such as, for example, carbohydrates, e.g. dextrans 
and modified dextrans such as carboxymethyldext r ans , 
polyamino acids such as poly-L-lysine and polyglutamxc acid, 
the polymers described in Duncan et al (1996) and Pimm al 
(1996), polymers which display selective delivery or 
accumulation in the target tissue, e.g. polymethacrylic acid 
in neovasculating regions such as in tumors, as well as 
polymers modified with specif ic^. tissue markers, inclodxng 
address molecules with known tissue or organ specificity. 

The present invention relies on the use of 
macromolecular carriers that are already described in the 
literature and are used in practice, provided that they 
conform to the criteria for contrast medium delivery 

-^1^3T-±toHd— ^TT TMB 1 f^r dia^nosric appXOTrxons^ 

particularly the criteria of high metal loading and very low 
systemic toxicity. The present inventors have found that, 
althouah sometimes the right compositions are known, they 
lack sufficient numbers of functional groups to allow bir^clxng 
of a sufficient amount of the heavy metal. The present 
invention shows how to achieve this high loading in the 
particular cases given. Other synthetic molecules of 

preselected shapes, such as liposomes or ball shaped 
structures such as "dendritic" structures, are also 

included. Such dendritic structures comprise a polymeric 
carrier such as carboxymethyldextran onto which radially 
branching appropriate bifunctional molecules, e.g. 
dicarboxylic acids and/or hydrazides thereof, are anchored, 
thus providing a way to increase the "per unit" ioadincg of 
functional metal binding groups and allow for higher contrast 
agent load so that the total carrier dose can be decreased. 
It also provides for a way to control or manipulate the size 
and shape of the macromolecular system and to engxneer 
optimal site-specific delivery by controlling the sieving 
. effect as in neovascularization sites in active tumors. 

Since no toxic side-effects are tolerable, 
particularly in large population screening, such as in 
mammography, stringent measures should be taken to erasure 



wo 98/57669 



PCT/IL98/00282 



complete safety. Thus, the metal carrier agents according to 
the invention are characterized by high-affinity bound metals 
by' chelates or non-dissociable binding, e.g., covalent 
binding, to prevent metal release. Preferred macromolecxalar 
carriers are those that form non-toxic conjugates or 
complexes with the metal. Ultimately removable 

biodegradable polymers should be used to ensure limited in 
vivo residence time and complete clearance. The 
macromolecular carrier should no^ be toxic either by itself 
or in its conjugated or complexed form, and its properties 
should be a compromise between circulation of sufficient 
duration to allow accumulation at the tumor site prior- to 
X-ray imaging and subsequent efficient removal to ensure 
limited in vivo residence time and compiere clearance. For 
1- h i q purpo -s-e- 



liposomes and various macromoiecules , such as dextrans and 
synthetic polymers, e.g., polymethacrylic acid, a poiviner 
which has been studied thoroughly xn targeted drug delivery 
and radioactive diagnostic research (Duncan et al, 1996; Pxmm 
et ai, 1996). The chemical binding between the cont^rast 
agent 'and the macromolecular carrier should be strong enough 
to prevent metal release to avoid the poisonous effects of 
the heavy metal and to allow high agent loading capacity to 
enable minimal carrier doses. 

According to the present invention the amount of 
agent, e.g., gold or Pt, to be delivered to the tissue, 
required for sufficient contrast enhancement with current 
X-ray radiographic or tomographic equipment:, is of the order 
of 100 pg/ml (or per gram tissue) or more. Depending on the 
efficiency of the targeting, this imposes a lower limit on 
the amount 



of agent the conjugate should contain - 



considering the level of concentration reached rn our 
preliminary experiments on a model system of liver targeting, 
i.e., 60-70 % injected dose/ml tissue, the amount of agent m 
the conjugate should exceed 160 Mg per injected dose. The 
actual amounts are to be adjusted according to the dell^^ery 
system to be selected. 

Based on our previous studies on carrier-mediated 
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drug targeting (Schechter et al, 1986a, 1986b, 198^a, 1987b, 
1989a, 1989b, 1991, 1995; Rrnon et al, 1989), dextran was 
selected as a preferred multi-purpose carrrer for 
tissue-specific targeting. Dextran is available in different 
molecular sizes, and it is characterized by high solubility 
in water, resistance to proteolytic degradation, and low 
i^^unogenicity. Dextran is also non-toxic, as known from 
extensive experience in clinical use of dextran as a pl.^ma 
expander (Larsen, 19891, and can be chemically modified. For 
instance, dextran modified to the carboxymethyldextran «orm 
(CMdex; Hurwitz et al, 1980) is highly substituted with 
carboxyl aroups that can be further derivatized with other 
groups. De'xtran has been shown to be modified for attachment 
to antibodies in immunotargeting system (Schechter et al. 
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-ftbotrd-P™1c-^t-^il 3r*8^i^ ctr-cOTTT- 



^ifferent drugs (Schechter et al, 1986a, 1986b, 1989a, 1995; 
Hurw.tz et al, 1980; Bernstein et al, 1987), biotinyl groups 
Ta-Jidin-mediated procedures (Schechter et al, ^J^* 
and tyrosvls for radioiodination (Schechter et al, 1996). 
Oue to thl abundance of functional groups, modified dextrans 
can serv^ as backbone carriers for chemical attachment of 
tissue markers and still carry enough groups for coupling or 
complexing the delivered agent. . . - ^ 

one aspect of the present invention is aimed at 
„ preparing a targeting system for tissue-selective ^^^^^^ 
metals that can serve as contrast agents for K ray 
radiography. Standard available radiographic techniques can 
be improved by conveying significant amounts of the contrast 
agent", preferably elements with high atomic numbers, su=h 
Pt, into the cancerous tissue. This is expected to increase 
the density differences between malignant and normal ti3 3Ue^ 
previous experience with Pt compounds or complexes between 
CDDP a known chemotherapeutic drug, and macromoleoolar 
rub:;ances, e.g. CMdex .Schechter et al, 1986a, 

3. 1987b, enabled the ^^^^^ Tuch^r dellve^ sv^t!: 

system for contrast agent delivery. Sucn a h»h 
Js based on (a) a carrier, e.g. CMdex-hydrazide, enr.ohed 
with functional groups to allow for heavy metal, e.g. Pt, 



16 



wo 98/57669 



PCT/IL98/00282 



loading capacity as well as tissue marker, e.g. TNP, 
conjugation; and (b) strong chemical binding between the 
metal and the carrier to prevent toxic metal release. 

According to the present invention, the contrast 
agent delivery system is chosen so as to improve cancer 
detection capability of existing X-ray imaging techniques and 
procedures, and in order to provide higher tumor-specificity 
and better resolution. . This should permit efficient 
detection of small cancer lesions at lower radiation doses . 

The improvement of cancer detection capability by 
tumor-specific X-ray imaging according to the invention w±ll 
lead to earlier and more conclusive diagnostic procedures for 
solid tumors that will have significant impact on the 
prognosis of patients and will permit more efficient 

therapy as well as a better control of drug delivery to 
• tumors . 

Having now generally described the invention, the 
same will be more readily understood through reference to the 
following examples, which are provided by way of illustration 
and are not intended to be limiting of the present invention. 

EXAMPLES 

In the Examples, the following materials and 
methods are used: 
MATERIAL AND METHODS 

i) Materials. Streptavidin (St) was provided as a 
gift from Boehringer-Mannheim GmbH (Mannheim, Germany) , and 
CDDP from Abie Company (Ramat Gan, Israel). CMdex was 
prepared from dextran as previously described (Hurwitz et al, 
1980) . N-hydroxysuccinimiGe{NHS) ,l-ethyl-3-(3-dimethyl-amir^o- 
propyl)-carbodiimide(EDC) , 2,4,6-trinitrobenzenesulfonic acid 
(TNBS) , dicyclohexylcarbodiimide (DCC) , t-butyloxycarbony 1- 
tyrosine (BOC-Tyr) , and 2- [N-morpholino] ethanesulf onic acid 
(MES) buffer were purchased from Sigma (St. Louis, MO) - 
O-phenylenediamine (OPDA) was obtained from Fluka Ag (Buchs, 
Switzerland), and N , M-dimethylf ormamide (DMF) from Merck- 
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Schuchardt (Munich, Germany) . 

CMdex Products : Dextran Mr-10, 20, 40, 70 or 250 
was converted into the carboxymethyl form CMdex according to 
a procedure previously described for dextran Mr-40 (Hurwitz 
et al, 1980). Dextran was reacted with chloroacetic acid in 
a strongly basic solution and the products were analyzed by 
NaOH titration for the degree of carboxyl group content. 
Samples of the Na-salt derivatives obtained after synthesis 

(10 mg) were dissolved in 1 ml 0.3M HCl to convert the COONa 
groups into COOH, dialyzed against 2L double distilled water 

(DDW) and lyophilized. Dry samples of the N 

(5 mg), dissolved in 2 ml DDW, were titrated 

in the presence of phenolphthalein , and the carboxyl group 
content (carboxymethyl substitution) 

- cdlculdLed 



CMde.'^ UeiivdLiveG were " 



free products 
ith O.OIM NaOK 



and the molecular weight 
"SV- — Dex Lran 



(Table 



O .63 



Mr-lO gave rise to a 12.2 kDa CMdex product contamxng 
carboxvl grouos per glucose unit of 40 carboxyls per dext^ran. 
Ratios of carboxymethyl/glucose in the different preparations 

CMdex Mr-20, 40, 70 and 250 
and 1875 carboxyl groups. 



ranged between 
contained 47, 
respectively . 



0.38 t 
275, 



1 . 2 

297 



Table 3 

CMdex Mr-10, 20, 40, 70, 250 



Dextran 

kDa 


COOH/Unit 


Unit 

Da 


Cmdex 

KDa 


10 


0. 63 


198 


12.2 


20 


0.38 


184 


22 . 6 


40 


1.10 


226 


55.8 


70 


0. 68 


204 


88 


250 


0.73 


231 


356 



ii) Preparation of CMdex-hydrazide (CMdex-Hydar ) . 

CMdex-hydrazide was prepared from dextran Mr-250 according to 
two different protocols. Protocol 1 produced a 
CMdex-hvdrazide product containing many hydrazide and few 
free carboxvl groups and did not bxnd Pt well, while the 
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product of Protocol 2 contained few hydrazido and many f^ree 
carboxyl groups and bound Pt effectively. 

Protocol 1 : CMdex (30 mg) was dissolved in 0 . 1 5M 
MES buffer pH 5 (1.5 mi), and aqueous hydrazine (0.5 ml, 5M), 
adjusted to pH 6 with 6M HCl, was added. Then, EDC (53 mg >: 3 
at 20 min intervals) was added while vortexing. After: 7 
hours at room temperature (RT) , the solution was dialyzed 
against 2 x 4L DDW for 12 hours. The sample was then treated 
with 6M HCl (0.1 ml) and dialyzed as described above. The 
product CMdex-Hydr was obtained as 3.5 ml of a clear solution 
of pH ~7. 

Protocol 2 : CMdex (30 mg) was dissolved in 1 . 5 ml 
0.15M MES buffer pH 5. NHS (100 mg) was added, followed by 
the immediate addition of 160 mg ECD. After mixing foir 1 



of 6.6M at pH 8) while vortexing. The solution was then 
treated as described above. The product CMdex-Hydr was 
obtained as 5 ml of a slightly turbid solution (5 ml) of pH 
-4 (which became clear at pH 7) . 

iii) Synthesis of "dendritic molecules" from CMdex: 
Dendritic molecules were synthesized by reacting CMdex (50 
mg) with iminodiacetic acxd (580 mg) in the presence of EDC 
(200 mg) to increase the carboxyl group content. Hydrazine 
was coupled to the dialyzed product by adding NHS (115 mg ) , 
EDC (400 mg) and hydrazine (1.8 ml of 6.6M) as described in 
section (ii) above, Protocol 2, for CMdex-Hydr. The 
dendritic product contained 600 hydrazide groups /dextran . 

iv) Quantitative determination of dextaran 
(according to Dubois et al, 1956): CMdex-Hydr (50-150 Ug 
dextran range) in 0.8 m.l DDW was mixed with 5% phenol 
solution (0.5 ml in a 100 x 12 mm glass test tube) and 2 ml 
concentrated sulfuric acid was added. The reaction mixtxare 
was vortexed immediately, and the absorbance at 485 nm was 
determined 10 minutes later. The concentration was 

calculated relative to standard CMdex-Hydr solutions. 

V) Quantitative determination of hydrazide grour>s . 
CMdex-Hydr (50-150 Hg dextran range) in i ml 0.05M NaHCOs 
was reacted with 250 PC TNBS (25 pi of 10 mg/ml). The 
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absorbance at 500 nm was determined after 10 minutes, and the 
concentration of hydrazide groups was calculated relative to 
standard solutions of adipic dihydrazide. 

vi) Quantitative determination of carboxyl groups. 
5 CMdex-Hydr (3-5 mg dextran range) in 2 ml DDW was titrated 

with O.OIN NaOH in the presence of phenolphthalein . 

vii) Preparation of tyrosylated CMdex. CMdex (55 
mg) was dissolved in 2 ml DDW, NHS (7 mg) was added, followed 
by the immediate addition of EDC (30 mg ) . After mixing for 1 

10 minute, tyrosine (2 mg) was added while vortexing. The 
reaction continued for 15 minutes at RT , and the solution was 
dialy-^ed against DDW. The molar substitution ratxo of 
tyrosine, as determined from the absorbance at 280 nm xn 
reference to non-tyrosylated CMdex, was 20:1. 

CMdex-Hydr CDDP in DDW (3 mg/ml, dissolved by slight 
warming) was mixed with the CMdex-hydrazide derivative at a 
molar ratio of 500:1. The reaction mixture was placed xn a 
lOOoC water bath for 3-5 min and was further treated as 
described below in section ix . 

ix) Quantitative determination of CDDP (according 
to Golla et al, 1973): Samples of undialyzed and/or dialyzed 
CDDP-CMdex-hydrazide complexes of section viii above 
containing estimated amounts of 3-10 Ug of CDDP/0.6 ml DDW 
were mixed with 0 . 6 ml OPD.z. dissolved xn DMF (4 mg OPDA/ml 
DMF, or as indicated) - The reaction mixtures were placed xn 
a lOOoc-water bath for 3-5 mxnutes (as indicated), and the 
absorbance of the light blue colored solutions formed due to 
interaction of CDDP (free or reversibly-bound to CMdex) with 
the OPDA ligand was determined at 730 nm after coolxng. The 
amount of CDDP in the reaction mixture thac reacted with OPDA 
was determined in reference to standard solutions of free 
CDDP All CDDP values refer to the OPDA-reactive material, 
i e , reversibly-complexed CDDP that is capable of t>exng 
released from the carrier in favor of the OPDA ligand. 

X) TNP modification. The reaction was carried out 
as described in WO 97/22879, as follows: TNBS dissolved xn 
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DDW (lOmg/ml) was reacted at a molar ratio of 200:1 with St, 
ova and BSA (1 mg/0.5 ml, 0 . 2M sodium bicarbonate). After 20 
min at room temperature, the pH was adjusted to 7 . 3 and the 
products TNP-St, TNP-Ova and TNP-BSA were dialyzed. 

CMdex-hydrazide was similarly modified with TNBS to 
produce TNP-CMdex-hydrazide. CMdex ( Mr 250 kDa, 1875 
carboxyl groups/dex) was substituted with hydrazido groups 
according to Protocol 2, and the product was reacted with 
TNBS at 120:1 molar ratio to form TNP-subs t itu ted 
CMdex-hydrazide. The TNP-CMdex-hydrazide was then reacted 
with CDDP (2-3 min at 100°C, followed by dialysis to remove 
uncomplexed Pt) to produce a polymer carrying 60 mol TNP and 
up to 300 mol complexed Pt/mol CMdex-hydrazide. 

(xi) Radioiodination. The ^^^I-proteins or ^^"^^I-Tyr- 



described in WO 97/22879. 

EXAMPLE 1: Biodistribution studies with unmodified 
and TNP-modified BSA, Ova and St 

This experiment was conducted with the 
enzvme-degradable albumins BSA and Ova and the 
enzyme-resistant protein s t reptavidin . Groups of 10-12-week 
old CD-I male mice were given intravenous injections into the 
lateral tail vein of the radioiodinated derivatives BSA, O^/a, 
St, TNP-BSA, TNP-Ova and TNP-St (1-2 pCi/mouse). At set time 
intervals, blood samples were withdrawn from the tail, the 
mice were killed and their organs were dissected out, blotted 
dry, weighed and counted for radioactivity. The results are 
expressed as mean percent of injected radioactivity dose/gram 
tissue (%/g) or per whole organ (liver) . 

Figs. lA-lB show that, when tested at a time range 
of 15-120 min, TNP modification of BSA and Ova led to rapid 
hepatic uptake as compared to unmodified BSA and Ova. 
However, as described before in WO 97/22879, at the 2-hour 
time point, both BSA and TNP-BSA were down to <0.3%/g xn 
blood and organs and both Ova and TNP-Ova were down to 
<0.6%/g, while the biodistribution profile of TNP-St tested 
at a time range of 15-180 min, was different (Fig. IC) : blood 
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lev=ls for both TNP-SC and St were kept high for a longer 
period of time (22-33%/g) "hereas levels ih other txssoes, 
including the liver, were low ,<10%/g) . Elevation of the St 
in the kidney and TNP-St in the liver was delayed and sta:.ted 
to build up at 120 min (23% and 18%/g, respeotive ly) , 
indicating that the TNP modification of proteins increases 
their uptake by the liver. The slow degradation and 
processing of Sand TNP-St leads to retardation of uptake and 
to subsequent accumulation in the target organs (St ih k.dney 

and TNP-St in liver) . 

Fig 2 shows that monitoring the level of TNP-St in 
different tissues in a period from I4h to 7 days, 3 3%/g 
retention of TNP-St was found in the liver at 14h wh^ch 
increased to 42%/g at 24h and slowly declined later on. 

^ , ready bv the present i nvf-nrors 

(Schechter et al, 1996). TNP modification of proteins or 
polymers results in high liver accumulation: degradable 
molecules, e.g., albumins, exhibited short-term accumulation 
(Figs lA-lB), whereas non-degradable molecules, e.g., 
enzyme-resistant proteins such as streptavxdin (Figs. IC, 2), 
led to long term liver retention. 

EXftMPLE 2: Selection of CDDP-binding groups 

CDDP complexes of CMdex-hydrazide were 
5 characterized in comparison to CDDP complex of CMdex <all 
derived from dextran Mr-250) . The OPDA reagent was used ror 
estimation of the amount of bound CDDP and the relative 
binding affinities (releasable vs. non-releasable Pt) between 
CDDP and the different dextran carriers under defined 
0 conditions. Since CDDP binds to CMdex in a reveraxble 
(releasable, manner, OPDA was first titrated to determine the 
OPDA/CDDP ratio required for complete removal of CDDP from the 
CMdex carrier. CDDP was reacted with CMdex at a molar ^atio 
of 500-1 (3 min, 100-C) to form the CDDP-CMdex complex. 
35 increasing amounts of OPDA were then added (5 min, 100»C, and 
the absorbance at 703 nm was determined in comparison to CDDP 
reacted with unmodified dextran. As shown in Fig. 3, at low 
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OPDA concentration (low OPDA/CDDP ratio), most of the CDDP (6 
pg per sample) was bound to CMdex (low A703). Increasing OPDA 
concentration led to increased release of CDDP from the CMdex 
backbone in favor of OPDA (higher A703) . At 3.8 mg/ml OPDA, 
or at a molar excess of 950 OPDA/CDDP, all of the Pt was 
"pilled off" the CMdex carrier in favor of OPDA. No 
interaction occurred between CDDP and unmodified dextran (high 
A703 nm, similar to that of free CDDP). This type of Pt 
determination provides the conditions required for complete 
removal of reversibly-bound CDDP. 

Several amine-containing compounds were considered 
as possible high-affinity CDDP ligands for attachment to 
dexcran. O-phenylenediamine (OPDA), which forms a colored 
complex with CDDP (absorbance at 703 nm) , was found useful in 

_^etermiiixiig_^:alaii^.^_^ 

various ligands (Schechter et al, 1989b). Evaluation of two 
comoounds, adipic dihydrazide (ADH) and hydrazine (Hydr), is 
shown in Figs. 4A and 4B. ADH or hydrazine were reacted at 
increasing molar ratios (5 minutes, lOQoC) with CDDP (6 y,g) , 
and OPDA 4 mg/ml) was then added (5 minutes, lOO'C). Complete 
complexing of CDDP to ADH and hydrazine was observed at a 
molar excess of 50:1 (no color reaction with OPDA). As molar 
excess of ADH and hydrazine to CDDP decreased, more Pt 
interacted with OPDA (increased color) up to a leveling-off 
ratio of 20 ADH:CDDP and 10 hydrazine : CDDP . This is the 
reason why hydrazine was selected for coupling to CMcdex, 
namely due to its more effective interaction, i.e., lower 
release of Pt in favor of OPDA and lower ratio of 
hydrazine :CDDP interaction. 

CMdex-hydrazide derived from dextran 250 (1875 
carboxyl groups /dextran ) was prepared according to Materials 
and Methods, section (ii), Protocol 1, giving rise to a 
highly substituted product, with 700 hydrazide groups per 
dextran or 37% of total carboxyl group content (Table 4 ) . 
The pH of the product solution after HCl treatment and 
dialysis was around 7, indicating low carboxyl content. This 
was verified by NaOH titration which showed that only 20% of 
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i.e., 



00 



the total carboxyls (370 mol/mol CMdex) were free 
carboxyl groups that were not substituted by hydra.xde 

qroups, were blocked. 

CMdex-hydrazlde derived from the same dextran 250 
but prepared according to Materials and Methods, section 
Ui) protocol 2. was less effective in terms of hydra.xne 
substitution and contained 240 hydrazide groups per deKtran 
13 of carboxyls,, but blocking of unsubstituted carboxyl 
roups did not occur, i.e., 1600 carboxyls ^^'l^ ^^Zs.^ 
The PH of this product following^HCl treatment and dralysrs 

""""'eloCing of carboxyl groups during synthesis 
according to Protocol 1 «ith EDC alone could be attributed to 
cross-lin-King by hydrazine, but different J^^^I^ 



BloCrng co^ld 
therefore, occur by .CD itself, which does not ta.e plac. rn 
the oresence of NHS (Protocol 2,. The protecting -"-^ 
Ins on EDO blocking of carboxyls could be demonstrate when 

V- ^ ■ u,^^ sub-iected to treatment with 

20 CMdex alone (no hydrazine) was sub.ect^ 

EDC in the presence or absence of NHS, only , ^^^3 

free when NHS was left out, whereas 



carboxyl groups were - /T;=,lnle 

BO-90% free carboxyls were free when NHS was included (Table 

4) . 
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Table 4 

Synthesis of CMdex-hydrazide 





CMdex 

(mg) 


EDC 

(mg) 


HHS 

(mg) 


Hydrazine 

(mmol ) 


H/dex 

(%) 


COOH/dex 

(%) 


1^ 


30 


160 


- 


2.5 


37 .8 
[700:1] 


20 




30 


160 


100 


3.3 " 


13 
[240:1] 


86 


3 


10 


50 








4 0 


4 


10 


50 


60 






80 


5 


10 


100 








46 


5 


10 


100 


30 






90 



Protocol 1; b Protocol 2 



15 



20 



The two synthetic procedures described in Table 4 
qave rise to two different CMdex-Hydr products. An 
experiment, which results are presented xn Table 5, was 
designed to characterize these two CMdex-Hydr preparations 
with respect to their irreversible (strong) CDDP binding - 
CDDP was reacted with de.xtran, CMdex and CMdex-Hydr, as 
described above, to form the corresponding CDDP-de.x 
complexes, and part of each reaction mxxture was dialyzed 
against DDW (4 hours, 2 x 2L) . OPDA reactivity was 
determined on undialyzed and on dialyzed material. As shown 
in Table 5, when CDDP was reacted with dextran (Mr-250) at a 
molar ratxo of 500:1 (3 min at lOO^C) , all of the CDDP (99%) 
was OPDA-reactive (4 mg/mi OPDA) before dialysis and none 
after dialysis. 
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Table 5 

Characterization of CMdex-H-Pt Complexes 
Dex 250. CDDP:dex=500:l (100 Pt) 



r CDDP before 
Dialysis 

(%) 


CDDP after 
Dialysis 

(%) 


CDDP:CMd 

(molar 


ex Bound 

ratio) 


Dextran 
Derivative 


OPDA 
Reactive 


Irrever 

sibly 

Bound 


OPDA 
Reactive 


Non-boun 

d'* 


Reversib 
ly Bound 


larreversi 
t>ly Bound 


Dextran 
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a complex was formed by reacting CDDP and de>-.tran 
derivative at 100-C for 3 min and testing samples wrth 
OPDA at lOOoc for 5 min. Represent percent reversrbly . 
non-reversibly bound CDDP. 

b values represent the difference between 100» CDDP input 
and % OPDA-reactive CDDP. 

c. Revetsibly bound CDDP. 

d values represent the difference between OPDA reaotive 
CDDP before and after dralysis. 

This indicates that no binding occurred becween 

CDDP and unmodified dextran and that dialysis was complete (no 

non-soecific binding). When reacted with CMdex, a m^^or 

fraction of the CDDP was reactive with OPDA before dialysrs 

,95%, This means that either none of the CDDP was compL^xed 

and/or the CDDP was bound in a reversible manner. ^fter 

^^^A ,,jn-h OPDA i e., 87% (435 Pt/dex) of the 
dialysis, 87% reacted wi^n ufUA, x.e., 

1 CMdev in a reversible manner (5% was 

CDDP was complexed to cwae.. j.u d j.- 
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irreversibly bound, and 8% was free and removed during 
dialysis). When CDDP was reacted with CMdex-Hydr (Protocol 1; 
700 Hydr/dex), 90% was OPDA-reactive before dialysis, i.e., 
10% was irreversibly bound (50 Hydr/dex). After d.alysxs, 
5 only 3% was OPDA-reactlve . This means that CMdex-Hydr 
prepared according to Protocol 1 did not bind CDDP effectively 
neither in the reversible nor in the non-reversible form. 
When CDDP was reacted with CMdex-Hydr, Protocol 2 (280 
Hydr:dex), 54% was OPDA-reactive before dialysis, ..e., 46. 
10 was irreversibly bound (230 Hydr:dex). After dialysis only 
4% was OPDA-reactive, i.e., none of the CDDP was bound x r, a 
reversible manner. A CMdex-Hydr derivative of lower Hydr 
content (100 Hydr/dex) contained a lower fraction of 
stably-bound CDDP (37%, and a higher fractron o 

15 rever^ibljdzb2Mncl_«D£^ I^_is_json=ludecLth^ <Ai- 

^;;^;Z^Z^^^rZ;^^^^:^^^^^U^oI CDDP to the hydrazxde-^xch 

product was low, whereas binding to the hydrazide-low prodvact, 
relative to hydrazine content, was good; (b) above a cerCa.n 
hydrazine substitution ratio, and despite the expeoted 
abundance of free carboxyl groups, there is no reversible 
bindina of CDDP; and (c) reversibly-bound CDDP can be 
determined only in the dialyzed complex, wherzeas 
irreversibly-bound CDDP can be determined only on 
undialvzed complex. It should also be noted that there wa^ no 
Simple' direct correlation between the number of hydras xde 
groups and CDDP binding, the later being often hxgher. 

In order to further determine the reversibly and 
irreversibly-bound Pt in CDDP-CMdex and CDDP-CMdex-hydra^ide 
complexes, CDDP .60 ,g) , CDDP . dextran, CDDP . CMdex or 
CDDP.CMdex-Hydr complexes were each dialyzed against DDW (10 
ml/sample, for 12 hours, and OPDA-reactive CDDP was 
determined in the dialyzed samples, as well " ^"^^^ 
dialvsis water. In this type of experiment, where relatrjely 
low amounts of CDDP are used and a long dialysis perrod rs 
35 required, a fraction of the total free CDDP is lost (around 
40%) due to non-specific complexing of CDDP to surrounaxng 
components such as dialysis bag, glass, etc. 

AS shown in Fig. 5, Pt determined for free CDDP or 
27 
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CDDP reacted with dextran was 45-50% lower than the crig:Lnal 
Pt input. only 12% loss c£ Pt was observed . wxth the 
CDDP-CMdex complex. This can be expected since CDDP was 
CMdex-complexed and most of it (85%, was retained as 
reversibly bound Pt within the dialyzed material. Th.s .n 
accord with our previous observation that CDDP complexed to 
CMdex is protected against irreversible interaction w.th body 
constituents (proteins. etc., when ^"i-"^/"" 
(Schechter et al, 1989a) . When CDDP was complexed to CMdex H 
(prepared according to Protocol 2,. only a total of 14. of 
the CDDP input was found by measuring samples from ihsxd^ and 
outside the dialysis bag. Assuming that Pt loss in this case 
i3 no higher then with the CMdex complex .t car. be 
calculated that out of the 86% missing Pt, about 75, was 
i rrever ^^i y bou nds ■ - 

EX;^PLE 3: Metal targeting to tissues: Biodistril^xa^ion 
studies with unmodified CDDP-CMdex-hydrat.xde 
(Pt-CMdex) and TNP-modified CDDP-CMdex-hydra.ide 
(Pt-TNP -CMdex) 

The system used for demonstrating Pt targeting to 
the liver consisted of complexes between CDDP and 
hydrazido-substituted polymers. CDDP can form high affirxxty, 
non-dissociable and pharmacologically inert complexes w.th 
certain polymers (Howe-Grant et al. 1980, such as 
dex^ran-hydrazide. Modifying dextran-hydrazide ""'^^'^^^^J" 
marker trinitrophenyl groups <TNP, . as described rn PCT Patent 
Appln. NO. WO 97/22879 of the present applicants, leaci3 to 
30 selective delivery to the liver with levels of up to 70 
percent of the injected dose per gram tissue (%/g) or cp 
80% of the total dose accumulated in the whole liver. J^-^ - 
based on studies (Schechter et al, 1996, ^-^^i"' ^^/^ J// 
modification of proteins or polymers resulted xn ^^gh liver 
35 accumulation: degradable molecules, e.g., albumin, exhibited 
short-term accumulation (Figs. lA. IB), whereas non-degradable 
molecules, e.g., enzyme-resistant proteins such as 
streptavidin or dextran-hydrazide, led to long term .iver 
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10 



15 



retention (Figs. IC, 2, 6). Since accumulation is correlated 
with marker density, macromolecules can serve as targeting 
vehicles for diagnostic agents, provided their content of 
functional groups is high enough to carry both a suffic:Lent 
quantity of marker molecules and the delivered agent. 

Experiments were conducted on Pt delivery to mouse 
liver to demonstrate (a) the ability for loading a 
substantial amount of the contrast agent onto the carrier; 
(b) high specific accumulation of the complex in the tairget 
tissue; and (c) detectability of the agent loading by 
standard X-ray mammographic equipment. 

For targeting the CDDP-CMdex-hydrazide complex to 
the liver via TNP, t race-tyrosylated CMdex (20 tyrosyl /dex ) 
prepared according to Materials and Methods, section vii, was 
used_to_enable__^^ 

Methods, section xi) . Tyrosyl-CMdex was substituted wxth 
hydrazine and the Tyr-CMdex-hydrazide was treated with 120 mol 
TNBS/mol CMdex to obtain a TNP-modified CMdex-hydra^ xde 
containing 60 mol covalently bound TNP/mol dex (after 
20 dialysis). CDDP was complexed to the product (500:1 molar 
ratio, 3 min at 100°C followed by dialysis). A control 
complex was similarly prepared but without the TNP . 

Mice were injected intravenously with 50 pg of tne 
radioiodinated materials ( Pt-TNP-CMdex and Pt-CMdex) and the 
25 mice were killed at 24 and 56 hours. Radioactivity in blood 
and organs was monitored xn reference to tissue weight and 
biodistribution in terms of percent of total injeoted 
dose/gram tissue (%/g) was determined. As shown in Fig- 6, 
levels of I^"_c^^^^_pt (no TNP) in most tissues were in the 
30 range of 3-12%/g (22%/g in blood) at 24 hours after injection 
and were lower in most organs after 56 hours. The 
biodistribution pattern of the TNP-carrying complex was 
different: levels in blood and most organs was below 2% /g, 
except for the liver, where values reached 66%/g (82%/total 
35 liver) after 24 hours and were still at the same range at 56 
hours. SDleen levels were also increased {23%/g). 

The biodistribution and liver accumulation of 
radioiodinated TNP-dextran hydrazide loaded with Pt, at 24 and 
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by 



56 hours following intravenous infection into CD-I ru.ce, xs 

shown in Fig. 6. , ,-, cn ^\ 

in another experiment, the same complex (ISO^^g) 
„.3 Similarly injected ,non-radioiodinated, , and 12 hours 
later, the mice were sacrificed and their livers were removed. 
Tissue extracts were prepared by homogenizing organs in 5 x 
vol of O.IN NaOH/tissue weight for 60 seconds, followed 
centrifugation at 12000 x g. Supernatants were subjected to 
,yRFl analysis. Standards were prepared in 
X-ray fluorescence (XRF) analysis. „„^„,, 
a matrix identical to that of the samples (i.e., normal 
tissues, to account for possible matrix interference 
^dLnistration of the complex ,130 Ug -plexed Pt, resuXt 
in liver accumulation of 70%/g tissue, i.e., about ^° J 

letal/gram liver .no ^ ' •J-::^!^^ 
reqnln^d-rHirje-t..3-ctmtt^.^lr^nttanceme^ 

^^^^ A mouse injected with such a preparation was 
subjected to X-ray mammography, along with a mouse which had 

injected by the same amount of 
Pt. AS shown in Figs. 7A and 7B, the liver of the " ""^^eted 
-0 mouse is of a darker shade and is clearly delineated (Fig 
° TaK whereas that of the control mouse is lighter and cannot 
be distinguished from other organs (Fig. 7B) . 

CDDP binds to CMdex in a reversible manner, i . e . ,^ 
It is released in biological systems in vivo - 
5 ligands exhibiting a higher affinity towards 

complexes of CMdex are toxic above a certain dose with the 
toxicity being correlated with the dextran molecular weight. 

complexes Of CMdex T-40 are similar to that of free COOP in 
thei! activity, whereas complexes of higher dextrans are more 

'° The CDDP-CMdex-Hydr product (Protocol 2) prepared 

according to the present invention was — ^= "^^"/^f/^ 
by injecting the dialy.ed complex at two doses 350 Ug (X3.5 
m /Kg and S30 ug (23.7 mg/.g. complexed 

striking advantage over the use of CMdex-type P°iV"- ^50, 
that contains no hydrazide groups which is shown to have high 
toxicity of CMdex-CDDP complex (toxic already at 4 mg/kg, 
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(Schechter et al, 1989b) . 

Higher TNP and CDDP load can be achieved by forming 
a "dendrite" molecule of increased carboxyl groups content; 
CMdex reacted with iminodiacetic acid resulted in a molecule 
that could carry 150 mol TNP and up to 600 mol Pt/mol 
dextran-hydrazide, an advantageous product in view of its 
increased marker content and higher metal-load. Increasing 
the TNP ratio facilitates liver accumulation, whereas the 
high metal content enables the use of lower injected carrier 
doses. 

In order to assess experimentally the minimal 
required dose of contrast agent and the feasibility of its 
selective delivery to the tissue, the contrast agent 
concentration level required for imaging was calculated from 

_compiJ^d__J(ziram^s^2Xiiti^ii cms^^^^iitxrm dat^— ajad- 

sensitivity of standard X-ray detection techniques. To 
further assess these estimates, a Plexiglas phantom ha^^ing 
various sized compartments and containing platinum chloride 
sample solutions of various concentrations was imaged by looth 
CT (computed tomography) and standard film-based mammography. 

An example of a CT scan through the phantom, 
showing the X-ray absorption by solutions of different Pt 
concentrations, is shown in Fig. 8. The results, summarized 
in Fig. 9, clearly support the theoretical estimate of atoout 
100 ug/ml required for a detectable contrast change in CT . 
Similar results were obtained by film-based mammography. 

Having now fully described this invention, it will 
be appreciated by those skilled in the art that the same can 
be performed within a wide range of equivalent parameters, 
concentrations, and conditions without departing from the 
spirit and scope of the invention and without uradue 
experimentation . 

While this invention has been described in 
connection with specific embodiments thereof, it will be 
understood that it is capable of further modifications. This 
application is intended to cover any variations, uses, or 
adaptations of the inventions following, in general, the 
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principles of the invention and including such departures 
from the present disclosure as come within known or customary 
practice within the art to which the invention pertains and 
as may be applied to the essential features hereinbefore set 
5 forth as follows in the scope of the appended claims. 

All references cited herein, including journal 
articles or abstracts, published or unpublished U.S. or 
foreign patent applications. Issued U.S. or foreign Pater^ts, 
or any other references, are entirely incorporated by 
10 reference herein, including all data, tables, figures, and 
text presented in the cited references. Additionally, the 
entire contents of the references cited within the referex^ces 
cited herein are also entirely incorporated by reference. 

Reference to known method steps, conventional 
^ai__meiJiod_sr:ep._Jmo«^i.^ti^^ 

any way an admission that any aspect, description or 
embodiment of the present invention is disclosed, taught or 
suggested in the relevant art. 

The foregoing description of the spec:Lric 
20 embodiments will so fully reveal the general nature of the 
invention that others can, by applying knowledge within the 
Skill o.' the art (including the contents of the references 
cited herein), readily modify and/or adapt for various 
applications such specific embodiments, without undue 
25 experimentation, without departing from the general conoept 
of the present invention. Therefore, such adaptations 
modifications are intended to be within the meaning and r.nge 
of equivalents of the disclosed embodiments, based on the 
teaching and guidance presented herein. It is to be 
understood that the phraseology or terminology herein 13 for 
the purpose of description and not of limitation, such that 
the terminology or phraseology of the present specification 
is to be interpreted by the skilled artisan in light of the 
teachings and guidance presented herein, in combination with 
the knowledge of one of ordinary skill in the art. 
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WHAT IS CLAIMED IS: 

1. A delivery system for targeting a contrast 
agent to specific organs for the purpose of tumor diagnosis, 
prognosticating the effectiveness of chemotherapy in the 
treatment of cancer and for follow-up of cancer therapy by 

X-ray imaging, wherein said delivery system comprises a 
conjugate or complex of a macromolecular carrier and a 
contrast agent selected from the group consisting of: (a) a 
compound having a heavy element with an atomic number xn i:ne 
range of 75 to 92, and (b) a compound having an element wx--h 
a property of an abrupt change in its X-ray attenuation 
coefficient within the energy range used for radiography, 
said macromolecular carrier of said conjugate or complex 

being optxonally_lin^^ 

^ '^^ ^h^'^diiivery system according to claxm x, 

wherein said contrast agent is a heavy metal compound. 

3 The delivery system according to claxm 2, 

wherein said heavy metal is selected from the gxroup 
consisting of Pt, Au and Tl . 

4. The delivery system according to any one or 
claims 1 to 3, wherein the macromolecular carrier is selected 
from the group consisting of liposomes, natural polymers and 

synthetic polymers. 

5 The delivery system according to claxm ^, 

wherein said macromolecular carrier is a natural or synthetic 
polymer to which said heavy metal com.oound is attac=hed 
through a metal-binding group or ligand containing nitrogen, 
nitrogen-oxygen or sulfur atoms. 

6. The delivery system according to claxm 4, 
wherein said macromolecular carrier is a natural or syntherxc 
polymer to which said heavy metal compound is completed 
through a metal-chelating ligand. 

7 The delivery system according to claxm o, 

S wherein said metal-chelating ligand is selected from the 
grouo consisting of iminodiacetic acid, EDTA, DTPA, 
hydroxyquinoline, hydroxamic acid, hydrazide and combinati. ons 
thereof . 
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8. The delivery system according to any one of 
claims 3 to -7, wherein said complex of a macromolecui lar 
carrier and a contrast agent is a Pt 
compound-dextran-hydrazide complex. 

9. The delivery system according to claim 1, 
wherein said element in (b) has a property of an abr^ipt 
change in its X-ray attenuation coefficient within the ene irgy 
range of 10 to 30 keV . 

10. The delivery system according to claim 8, 
wherein said element having a property of an abrupt change in 
its X-ray attenuation coefficient is an element with an 
atomic number in a range of 33 to 50. 

11. The delivery system according to claim 9 or 
10, wherein said element is Zr. 

— to_^Laim 1-, 

-^;T^-^^;;;e^^ of an abr^zpt 

change in its X-ray attenuation coefficient at an energy 
range above 30 keV and has an atomic number above 50. 

13. The delivery system according to any one of 
claims 1 to 12, wherein said macromolecular carrier in ssid 
conjugate or complex is linked to a specific tissue marker . • 

14. Use of a delivery system for the preparation 
of a composition useful for targeting a contrast agent to 
specific organs for the purpose of tumor diagnos3_s, 
prognosticating the effectiveness of chemotherapy in the 
treatment of cancer and for follow-up of cancer therapy by 
X-ray imaging, comprising a conjugate or complex of a 
carrier, and a contrast agent selected from the group 
consisting of a compound selected from the group consisting 
of (a) a compound having a heavy element with an atomic 
number in a range of 75 to 92, and (b) a compound having an 
element having a property of an abrupt change in its X-ray 
attenuation coefficient within the energy range used for 
radiography, where said macromolecular carrier is optionally 
linked to a specific tissue marker. 

15. A method for tumor diagnosis, comprising the 

administering to a patient an effective amount of a 
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delivery system according to any one of claims 1 to 13; and 

X-ray imaging the patient to diagnose the presence 
of a tumor, 

16. A method for prognosticating the effectiveness 
of chemotherapy in the treatment of cancer, comprising the 
steps of: 

administering to a patient an effective amount of a 
delivery system according to any one of claims 1 to 13; and 

X-ray imaging the patient to prognosticate the 
effectiveness of chemotherapy in treating cancer. 

17. A method for follow-up of cancer therapy by 
X-ray imaging, comprising the steps of: 

administering to a patient an effective amount of a 
delivery system according to any one of claims 1 to 13; 



and 



X-r^y imaig-ing the pa^-ie^^E 1© dete^mifte fe+te 



effectiveness of cancer therapy. 

18. A method according to any one of claims 15-17 
for diagnosis, prognosis or follow-up of therapy of breast 



cancer . 
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